Background: There are few effective and safe medications to treat very low birth weight (VLBW) infants with evolving bronchopulmonary dysplasia. Bronchodilators are often given to patients who have clinical signs of reactive airway disease, but there is not enough information regarding their effectiveness within this population. Objective: To quantify the pulmonary function response to bronchodilator therapy in a population of VLBW infants with evolving bronchopulmonary dysplasia.
Introduction
Each year more than 15,000 cases of bronchopulmonary dysplasia (BPD) are diagnosed, with the majority of cases occurring in very low birth weight (VLBW) infants (,1,500 g). 1 With the standard use of prenatal steroids, postnatal surfactant, and gentler modes of ventilation, the gestational age of viable infants has decreased, and therefore, the incidence of BPD has not changed. 2, 3 There are a number of factors that predispose infants to develop BPD, including gestational age, antenatal and postnatal infections, nutrition, and the need for mechanical ventilation. 4 There are also ongoing investigations evaluating the role of genetics as well as epigenetics in the risk for developing BPD. [5] [6] [7] Inhaled bronchodilators are often given to infants at risk for BPD who demonstrate clinical symptoms of reactive airway disease, with rapid fluctuations in 
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oxygen saturation. Another common practice is to treat patients who appear to benefit from a trial of therapy. To date, neither of these practices have been validated. More importantly, there is minimal data on bronchodilator response in patients with modern-day BPD. A Cochrane review was done in 2012 looking at the prevention and treatment of BPD using bronchodilators. 8 In this metaanalysis, Denjean et al 9 was the only study that evaluated relevant clinical outcomes, in this case death or BPD. Study patients received salbutamol, placebo, or salbutamol in combination with beclometasone (inhaled steroid). The goal of the study was prevention of BPD and the therapy was continued for 28 days, starting at 10 days of life. There was no decrease in the incidence of BPD and no effect on mortality. The authors also quantified days on oxygen and days of mechanical ventilation and again found no benefit of bronchodilators.
There have not been any bronchodilator treatment studies in the neonatal intensive care unit that targeted infants with BPD. It is, however, known that up to 50% of infants with BPD will develop wheezing in the first few years of life that is often treated with a bronchodilator for symptomatic or clinical benefit. 10 Furthermore, there are a number of studies utilizing PFT data to assess lung function in early childhood in previously preterm infants. [11] [12] [13] The use of bronchodilators in early childhood has shown short-term improvements in lung function, but both short-and long-term clinical benefits warrant further study. 14 Though the study done by Denjean et al did not demonstrate a decrease in the incidence of BPD with bronchodilators, it is feasible that only a subset of infants with evolving BPD actually respond to the therapy. This may be secondary to pre-and postnatal factors as well as genetic predisposition. We hypothesize that there is a subset of neonates who demonstrate airway reactivity that can be screened for using pulmonary function test (PFT) data. In the current study, we utilized an ongoing clinical PFT database to generate preliminary data regarding the response to bronchodilator therapy in a population of VLBW infants with evolving BPD. We also compared available clinical characteristics of those who showed a positive response to bronchodilators with those who did not. The goal of the study was to demonstrate proof of concept that there are subsets of patients who may respond to bronchodilators that can be identified using PFT data. This would serve as pilot data for a randomized controlled trial that would assess relevant clinical outcomes in patients who had demonstrated a PFT response to bronchodilators prior to being randomized.
Materials and methods
This was a retrospective analysis of an ongoing database of PFTs in premature and newborn infants performed in the neonatal intensive care unit at the Oregon Health and Science University. The study protocol was reviewed and approved by the Oregon Health and Science University Institutional Review Board and the need for consent was waived due to the retrospective nature of the study. We reviewed the pre-and post-bronchodilator PFTs ordered by a physician due to concern for reactive airway disease in a premature patient with evolving BPD. Inclusion criteria included: birth weight ,1,500 g; .14 days of age; admission diagnosis of respiratory distress syndrome; requiring oxygen, continuous positive airway pressure, or ventilator support at the time of PFT. Exclusion criteria included patients with congenital heart disease or congenital airway anomalies.
All of the testing was done by a single respiratory therapist following a standard PFT protocol (see "Measurements" section). Infants were studied in the supine position while quietly asleep. No sedation was used during the study period. PFTs were done prior to two puffs of albuterol therapy and repeated 30 minutes after the therapy was given. A responder was defined as an infant who demonstrated a greater than 10% decrease in respiratory system resistance (Rrs, cmH 2 O/mL/s) after the bronchodilator treatment. This criteria is based on the 2002 National Heart, Lung, and Blood Institute expert panel recommendations for the diagnosis and management of asthma. 15 We then assessed responders for associated changes in compliance (Crs, mL/cmH 2 O/kg) and tidal volume (mL/kg).
Measurements
PFTs were measured with computerized infant pulmonary function cart (SensorMedics 2600; SensorMedics Inc., Yorba Linda, CA, USA). The measurements were done by connecting the pneumotachograph to the endotracheal tube if the infant was intubated or with the infants breathing through a face mask that was connected to a three-way valve if they were extubated. Passive respiratory system compliance (Crs) was obtained with the single-breath occlusion technique. The airway was briefly occluded at end inspiration until an airway pressure plateau was observed and the HeringBreuer reflex was invoked. The linear portion of the passive flow volume curve was identified and a regression line was drawn to obtain the best fit. From the intercepts on the flow and volume axes, Crs and Rrs were calculated. Acceptance criteria included: 1) stable end expiratory baseline; 2) plateau 
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Pre-and post-bronchodilator measured variables were compared using a paired, two-tailed t-test (SPSS version 21, IBM Corporation, Armonk, NY, USA). Significance was set at P,0.05.
Results
Forty VLBW infants (mean gestation of 26.6 weeks; mean birth weight of 881 g) were identified as having pre-and postbronchodilator PFTs. Seventy-five percent of the patients studied were male and 93% were receiving supplemental oxygen at the time of testing ( Table 1 ). The patients were studied at a mean corrected gestational age of 34.9 weeks. The study group as a whole did not demonstrate a significant difference in Rrs following administration of a bronchodilator. The individual resistance is shown for all 40 patients (Figure 1 ).
Within the cohort, 21 (52.5%) patients had a decrease in Rrs of $10% (P,0.05) ( Table 2 ). From the other 19 patients, five (12.5%) had a decrease of 0% to ,10% in Rrs, and 14 (35%) showed no response to therapy. The individual change in Rrs for patients who were responders is shown in Figure 2 . There was not a consistent change in the Crs and tidal volume associated with a decrease in resistance. Of note, the infants who did not respond to bronchodilators, based on change in Rrs, were two times more likely to have received antenatal steroids and tended to have a lower baseline Rrs than those who did respond.
Discussion
Our study showed that approximately half of VLBW infants with evolving BPD in our contemporary cohort had a greater than 10% decrease in Rrs after bronchodilator therapy. It also appears that infants who were exposed to prenatal steroids are less likely to respond to bronchodilators based on PFT data alone. Due to the retrospective nature of this study, there are a number of limitations to the current dataset. There were insufficient data to determine changes in respiratory rate or supplemental oxygen need before and after the bronchodilator treatment for individual patients. These data will be important in future studies to correlate lung mechanics in response to bronchodilator therapy.
Despite the stated limitations, it is intriguing that there may be a subset of patients who benefit from bronchodilator therapy. Inflammation of the airways is clearly associated with reactive airway disease in a susceptible host. 20 BPD is also associated with lung inflammation, thought to be secondary to both pre-and postnatal factors, and it is likely that a subset of BPD patients have concomitant airway reactivity. 21, 22 It was unexpected but interesting that in the current study, the patients who received prenatal steroids did not have the same response to bronchodilators. Based on this finding, one could speculate that prenatal steroids alter inflammatory cascades, thus decreasing the likelihood of airway reactivity. An alternative explanation is that a lack of prenatal steroid exposure is simply a marker of fetal distress, illness severity, and need to deliver urgently. In other words, the reason for early delivery, preeclampsia, or chorioamnionitis may put them at higher risk for airway reactivity. It should be noted that the patients who responded to bronchodilators demonstrated a trend toward higher baseline airway resistance.
There is increasing evidence that prenatal factors including, but not limited to, antenatal steroids, infection, smoking, obesity, and even a genetic predisposition have the potential to alter the BPD phenotype of a premature infant. It is likely that within a cohort of patients, there is significant heterogeneity regarding the pathophysiology causing hypoxemia leading to a diagnosis of BPD. Historically, therapies have been evaluated for their potential to benefit a randomized population of BPD patients. This approach assumes that all patients have the same potential to respond to a therapy instead of recognizing that alternative disease phenotypes exist.
The challenge to treating BPD is that the pathophysiology of the current disease is poorly understood. Many of the infants who die from prematurity may not represent the pulmonary histopathology of the surviving population of infants with BPD. Furthermore, BPD is diagnosed based on the need for oxygen for at least 28 days and/or the need for oxygen at 36 weeks corrected gestational age. 23 The need for oxygen during this time does not lend insight into the cause of hypoxemia.
Conclusion
The goal of the current study was to generate preliminary data and further display the potential individualized nature of BPD. We were able to show that PFT data can be used to identify patients who respond to bronchodilator therapy and that exposure to prenatal steroids may decrease airway responsiveness. In future, it will be important to correlate PFT data with relevant clinical response and outcomes. As therapies to prevent and treat BPD are investigated, it is necessary to develop screening tools to characterize the variety of probable BPD phenotypes that exist and evaluate therapies within the context of these phenotypes. 
